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Abstract
Introduction  The treatment of brain metastases with stereotactic radiosurgery (SRS) in combination with immune checkpoint 
inhibitors (ICI) has become more common in recent years, but there is a lack of prospective data on cancer control outcomes 
when these therapies are administered concurrently.
Methods  Data were retrospectively reviewed for patients with non-small cell lung cancer (NSCLC) and melanoma brain 
metastases treated with SRS at a single institution from May 2008 to January 2017. A parametric proportional hazard model 
is used to detect the effect of concurrent ICI within 30, 60, or 90 days of ICI administration on local control and distant in-
brain control. Other patient and lesion characteristics are treated as covariates and adjusted in the regression. A frailty term 
is added in the baseline hazard to capture the within-patient correlation.
Results  We identified 144 patients with 477 total lesions, including 95 NSCLC patients (66.0%), and 49 (34.0%) melanoma 
patients. On multivariate analysis, concurrent SRS and ICI (SRS within 30 days of ICI administration) was not associated 
with local control but was associated with distant brain control. When controlling for prior treatment to lesion, number of 
lesions, and presence of extracranial metastases, patients receiving this combination had a statistically significant decrease in 
distant brain failure compared to patients that received non-concurrent ICI or no ICI (HR 0.15; 95% CI 0.05–0.47, p = 0.0011).
Conclusion  Concurrent ICI can enhance the efficacy of SRS. Prospective studies would allow for stronger evidence to sup-
port the impact of concurrent SRS and ICI on disease outcomes.
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Introduction

The treatment of brain metastases with stereotactic radiosur-
gery (SRS) in combination with immune checkpoint inhibi-
tors (ICI) has become more common in recent years with the 
emerging role of PD-1 inhibitors including pembrolizumab 
and nivolumab and the anti-CTLA-4 blocking antibody ipili-
mumab. Preclinical evidence and retrospective studies have 
suggested that combination of nonredundant mechanisms 
through concurrent administration may optimize the immune 
response against the tumor [1–7]. There is a lack of prospec-
tive data on cancer control outcomes when these therapies 
are administered concurrently. To investigate the outcome 
of combined SRS and ICI treatment, a retrospective analy-
sis was performed comparing outcomes between radiated 
lesions of lung cancer and melanoma patients that received 
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this therapy combination to those that received SRS alone or 
non-concurrent ICI during the same time period.

Methods and materials

We retrospectively reviewed the data from patients with non-
small cell lung cancer (NSCLC) and melanoma brain metas-
tases treated at our institution from May 2008 to January 
2017 with SRS delivered in 1 fraction with or without ICI. 
Local failure was defined as increase in size of the treated 
lesion. Local control was determined from the date of SRS 
to the date of local failure for lesions that failed locally, 
with lesions that did not fail locally censored at the patient’s 
date of last disease evaluation. Distant in-brain failure was 
defined as the appearance of new brain metastases. Distant 
brain control was calculated similarly using the date of dis-
tant in-brain failure for lesions that failed distantly. Local 
control and distant in-brain control were calculated for each 
treated lesion. Overall survival (OS) was calculated from 
date of initial SRS to date of death from any cause. Patients 
remaining alive were censored at their last known alive date. 
The Kaplan–Meier method was used to estimate median OS.

A parametric proportional hazard model was used to eval-
uate the association between treatments and local control 
and distant in-brain control, with the baseline hazard mod-
eled by the Weibull distribution. A frailty term was added 
to take intrapatient correlations into account when modeling 
multiple lesions per patient. Other covariates considered for 
the model included primary tumor histology, lesion location, 
number of lesions, lesion diameter, presence of extracranial 
metastases, ICI receipt relative to SRS, prior treatment to 
lesion, time between whole brain radiation (WBRT) and 
SRS, type of SRS, and prescription dose. ICI receipt was 
categorized according to the relative timing of the therapies: 
SRS within 30 days of ICI administration, SRS between 31 
and 60 days of ICI, and SRS between 61 and 90 days of ICI, 
due to variation in definitions of concurrent therapy in the 
literature from 30 days to 5 biological half-lives [2, 8]. Vari-
ables that were significant at p < 0.10 in the univariate analy-
sis were included in the final multivariate model. Lesions 
without imaging follow-up were excluded from modeling. 
Analyses were repeated excluding patients who received 
prior whole-brain radiation therapy. P-value < 0.05 was 
considered statistically significant. SAS version 9.4 (SAS 
Institute, Cary, NC) was used for all analyses.

Results

The baseline characteristics for 144 patients with 477 
total lesions treated are summarized in Tables 1 and 2, 
respectively. There were 95 NSCLC patients (66.0%), 

and 49 (34.0%) of patients had melanoma. Median age at 
brain metastases diagnosis was 60.1 years with a range of 
30.1–84.9 years. Seventy-five (52.1%) of patients were male, 
and 69 (47.9%) were female. A median of 2 brain metastases 
were treated per patient with a range of 1–16 brain metas-
tases. Thirty-eight patients received ICI (26.4%). Twenty-
six patients received prior brain surgery (18.1%), while 
42 patients received WBRT before SRS (29.2%). Median 
tumor diameter was 0.7 cm (range 0.1–3.5 cm). A major-
ity of lesions were treated with Gamma Knife (GK) (364 
lesions, 76.3%) compared to linear accelerator (LINAC) 
(113 lesions, 23.7%). Median prescription dose was 22 Gy 
(range 11–30 Gy). The median imaging follow-up from 
the initial SRS was 9.9 months (range 0–116 months). The 
majority of the lesions were not associated with any toxic-
ity after treatment (450/477 lesions, 94.3%), but 18 lesions 
(3.8%) had radiation necrosis, and 9 lesions (1.9%) had 
hemorrhage.

Fifteen patients had at least one lesion with concurrent 
ICI (within 30 days of SRS). No patients with concurrent 
ICI had local failure. Univariate and multivariate analy-
ses for local failure are shown in Table 3. On multivariate 
analysis for local failure, concurrent ICI was not associated 
with improved control when concurrent was defined as SRS 
within 30 days of ICI. The multivariate model for local 
failure included SRS concurrent with ICI (within 90 days 
of ICI) vs. non-concurrent or no ICI received (HR 0.55; 
95% CI 0.10–2.94, primary tumor histology of NSCLC vs. 
melanoma (HR 3.06; 95% CI 0.78–11.92), prior treatment to 
lesion (HR 0.82 for WBRT vs. none and HR 0.63 for surgery 
vs. none), number of lesions (HR 0.90; 95% CI 0.68–1.19), 
SRS with LINAC vs. GK (HR 4.40; 95% CI 1.43–13.59), 
prescription dose (HR 0.77; 95% CI 0.61–0.98), and lesion 
diameter (HR 1.66; 95% CI 0.89–3.09) with only type of 
SRS and prescription dose being significantly associated 
with local failure.

Univariate and multivariate analyses for distant brain 
failure are shown in Table 4. On multivariate analysis for 
distant brain failure, concurrent ICI was associated with 
improved control when concurrent was defined as SRS 
within 30 days of ICI. The multivariate model for distant 
brain failure included SRS concurrent with ICI (within 
30 days of ICI) vs. non-concurrent or no ICI received (HR 
0.15; 95% CI 0.05–0.47), prior treatment to lesion (WBRT 
vs. none HR 1.72, 95% CI 0.75–3.92; Surgery vs. none HR 
0.64, 95% CI 0.21–1.91; Surgery and/or WBRT vs. none HR 
6.81, 95% CI 2.37–19.54), number of lesions (HR 1.28; 95% 
CI 1.13–1.45) and presence of extracranial metastases (HR 
11.33; 95% CI 4.90–26.21).

Six patients (19 brain lesions) with concurrent ICI 
(administered within 30 days of SRS) experienced distant 
in-brain failure. Among the 19 lesions, 11 were treated with 
ICI prior to SRS, while eight of the lesions were treated with 
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ICI after SRS. Among the 19 lesions, 10 had systemic failure 
at the time of distant brain failure, while nine did not have 
systemic failure at the time of distant brain failure. For those 
that did not experience distant in-brain failure, nine lesions 
were treated within 30 days prior to ICI administration and 
25 lesions were treated with ICI within 30 days after SRS. 
Of the lesions that were treated with non-concurrent or no 
ICI, 82 lesions (36.6%) had systemic failure at the time of 
brain failure, and 142 lesions (63.4%) did not have systemic 
failure at the time of brain failure.

Kaplan–Meier curve for OS is shown in Fig. 1. Curves 
for distant in-brain failure are shown in Figs. 2 and 3 (by 
concurrent ICI vs. non-concurrent or no ICI). The curves 
are relative to each patient’s first treated brain metastasis 
and patients who had WBRT were excluded. These results 
suggest that patients that received concurrent ICI had 
increased time to distant brain failure compared to patients 
that received non-concurrent ICI or no ICI.

Sensitivity analysis performed excluding patients that 
received prior whole-brain radiation therapy revealed simi-
lar results (see supplementary data).

Conclusions

In our retrospective analysis, concurrent SRS and ICI 
(defined as SRS within 30 days of ICI administration) in 
NSCLC and melanoma patients was not associated with 
local control but was associated with distant brain control. 
When controlling for prior treatment to lesion, number of 
lesions, and presence of extracranial metastases, patients 
receiving this therapy combination had decreased risk of 
distant brain failure compared to patients that received 
non-concurrent ICI or no ICI (HR 0.15; 95% CI 0.05–0.47, 
p = 0.0011). Results are consistent with evidence that con-
current ICI may enhance the efficacy of radiation treatment.

Table 1   Patient characteristics 
(n = 144)

Characteristic n Value

Number of patients 144
Age at initial brain metastases diagnosis, median (range), years 142 60.1 (30.1–84.9)
Sex, n (%)
 Male 144 75 (52.1%)
 Female 69 (47.9%)

KPS at initial brain metastases diagnosis, n (%)
 90–100 144 31 (21.5%)
 70–80 43 (29.9%)
 50–60 4 (2.8%)
 Missing 66 (45.8%)

Brain metastases treated per patient, median (range) 144 2 (1–16)
Received ICI, n (%) 144 38 (26.4%)
Number of ICI cycles, median (range) 36 6 (2–100)
Name of ICI, n (%)
 Ipilimumab 38 13 (34.2%)
 Ipilimumab and Nivolumab 5 (13.2%)
 Nivolumab 15 (39.5%)
 Pembrolizumab 5 (13.2%)

Primary tumor histology, n (%)
 Melanoma 144 49 (34.0%)
 NSCLC 95 (66.0%)

Previous surgery, n (%) 144 26 (18.1%)
Receipt of WBRT, n (%) 144 53 (36.8%)
 WBRT before SRS, n (%) 42 (29.2%)
 WBRT after SRS, n (%) 2 (1.4%)

EGFR mutated, n (%) 144 9 (6.3%)
ALK mutated, n (%) 144 1 (0.7%)
BRAF mutated, n (%) 144 17 (11.8%)
Last known vital status, n (%)
 Alive 144 85 (59.0%)
 Dead 59 (41.0%)
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A potential benefit to the combination of ICI with SRS 
is the possibility for enhanced antigen presentation and 
immunological priming. Nivolumab can penetrate the cer-
ebrospinal fluid allowing for potential intracranial antigen 
response and ICI may otherwise affect the central nervous 
system through peripherally activated T cells crossing the 
blood–brain barrier [9, 10]. These mechanisms may explain 
the effect on distant brain control.

Although combination radiosurgery and ICI have increas-
ingly been used, no prospective studies have reported data 
on efficacy of this therapy combination. Prior retrospec-
tive studies have mixed conclusions about the efficacy of 
this therapy combination. A retrospective matched cohort 
study of patients who had undergone SRS for one or more 
NSCLC-derived brain metastases comparing patients that 

received ICI before or after SRS within a 3 month period 
(concurrent ICI, 17 patients with 45 brain metastases) to 
those that did not (ICI naïve, 34 patients with 92 metasta-
ses) showed no significant difference in local control, OS, 
or progression free survival. Additionally, concurrent ICI 
did not prevent the development of out-of-field brain metas-
tases, defined as new brain metastases or leptomeningeal 
disease, with 12 month CNS distant control rate of 47.5% 
for the concurrent-ICI group versus 66.5% for the ICI-naive 
cohort (p = 0.061) [5]. A retrospective analysis of metastatic 
non-small cell lung cancer, melanoma, and renal cell carci-
noma patients who had brain metastases treated with SRS 
without WBRT with concurrent ICI defined as ICI given 
within 2 weeks of SRS showed that concurrent ICI (79/260 
patients) predicted for decreased likelihood of the develop-
ment of ≥ 3 new brain metastases compared to those that 
received SRS alone (181/260 patients) (p = 0.045; odds ratio 
0.337) [4]. A retrospective analysis of consecutive patients 
with lung cancer or melanoma treated with SRS for brain 
metastases found that ICI (administered in 101/271 patients) 
was associated with improved OS compared to no ICI (OS 
15.9 months vs. 6.1 months, p < 0.01) and decreased likeli-
hood of neurologic death [11].

Interpretation of results of single institution studies is 
limited by variation in definitions of concurrent ICI and 
variation in patient populations. A systematic review and 
meta-analysis that evaluated the effect of concurrent ICI and 
SRS (within 1 month) vs. nonconcurrent ICI identified 8 ret-
rospective studies and demonstrated that concurrent ICI with 
SRS was associated with a 12 month overall survival benefit 
(OR 1.74; p = 0.011), while local and distant progression 
free survival were both comparable between the groups [12]. 
A meta-analysis of 17 retrospective studies that included 
534 patients with 1570 brain metastases (most frequently 
from melanoma and NSCLC) that received ICI concurrent 
(within 1 month) vs. noncurrent with SRS found that 1 year 
OS, 1 year local control, and 1 year regional brain control 
were significantly better for concurrent SRS and ICI [8].

This study represents a large single-institution analysis, 
however there was heterogeneity within the patient popula-
tion as the study included patients that underwent surgical 
resection and prior WBRT and patients that received a vari-
ety of ICI agents. Additionally, the patients in this analysis 
were not compared to patients that received ICI alone, thus 
it is unclear if the improvement in distant brain failure is an 
additive effect of ICI on SRS or synergistic. Multiple inter-
vals between SRS and ICI were analyzed, with the final mul-
tivariate model for distant brain failure including a 30 day 
interval. Future studies might benefit from considering the 
interval between SRS and ICI as an important variable. Pro-
spective studies would allow for stronger evidence to support 
the impact of concurrent SRS and ICI on disease outcomes.

Table 2   Brain metastases and SRS characteristics (n = 477)

Characteristic n Value

Diameter (cm), median (range) 447 0.7 (0.1–3.5)
Location, n (%)
 Cerebellum 456 75 (16.5%)
 Other 381 (83.6%)

Previous treatment at lesion, n (%)
 WBRT 477 115 (24.1%)
 Surgery 16 (3.4%)
 WBRT and surgery 20 (4.2%)
 No previous treatment 326 (68.3%)

Toxicity at lesion, n (%)
 Hemorrhage 477 9 (1.9%)
 Radiation necrosis 18 (3.8%)
 No toxicity 450 (94.3%)

Local failure at this lesion, n (%) 477 34 (7.1%)
Distant in-brain failure relative to this lesion, 

n (%)
477 263 (55.1%)

Primary controlled at time of diagnosis, n (%) 477 231 (48.4%)
Extracranial metastases at time of diagnosis, 

n (%)
477 173 (36.3%)

Time from WBRT to SRS, median (range) 112 128 (−192–481)
Type of SRS, n (%)
 GK 477 364 (76.3%)
 LINAC 113 (23.7%)

Prescription dose, median (range) 477 22 (11–30)
ICI timing with SRS (30 days), n (%)
 Concurrent 477 53 (11.1%)
 Non-concurrent or no ICI 424 (88.9%)

ICI timing with SRS (60 days), n (%)
 Concurrent 477 79 (16.6%)
 Non-concurrent or no ICI 398 (83.4%)

ICI timing with SRS (90 days), n (%)
 Concurrent 477 92 (19.3%)
 Non-concurrent or no ICI 385 (80.7%)
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Table 3   Local failure univariate and multivariate analysis

*p < 0.10
a No patients with concurrent ICI within 30 days experienced local failure. Thus, HR cannot be estimated
b No patients with both surgery and WBRT and who had non-missing data for the other variables experienced local failure. Thus, a HR cannot be 
estimated

Univariate analysis

n Hazard ratio 95% Confidence interval p-value

SRS within 30 days of ICI
 Concurrent vs. non-concurrent or no ICI 449 N/Aa – 0.4268

SRS within 60 days of ICI
 Concurrent vs. non-concurrent or no ICI 449 0.16 0.02–1.22 0.0769*

SRS within 90 days of ICI
 Concurrent vs. non-concurrent or no ICI 449 0.08 0.01–1.03 0.0526*

Primary tumor histology
 NSCLC vs. melanoma 449 6.56 1.60–26.95 0.0095*

Location
 Cerebellum vs. other location 449 2.04 0.86–4.85 0.1047

Prior treatment to lesion
 WBRT vs. none 449 1.51 0.58–3.91 0.0001*
 Surgery vs. none 6.46 2.21–18.94
 Surgery, WBRT vs. none 7.42 2.64–20.92

Time between WBRT and SRS 101 1.00 0.99–1.01 0.5975
Number of lesions 426 0.76 0.55–1.03 0.0748*
Type of SRS
 LINAC vs. GK 449 2.53 1.22–5.25 0.0129*

Prescription dose 449 0.75 0.64–0.89 0.0009*
Diameter (cm) 422 2.66 1.54–4.60 0.0006*
Presence of extracranial metastases
 Yes vs. no 449 0.42 0.11–1.55 0.1914

Multivariate analysis

Overall Model p-value = 0.0016 (n = 402)

Hazard ratio 95% Confidence interval p-value

SRS within 90 days of ICI
 Concurrent vs. non-concurrent or no ICI 0.55 0.10–2.94 0.4854

Primary tumor histology
 NSCLC vs. melanoma 3.06 0.78–11.92 0.1069

Prior treatment to lesion
 WBRT vs. none 0.82 0.23–2.86 0.8396
 Surgery vs. none 0.63 0.13–3.08

Surgery, WBRT vs. none N/Ab –
Number of lesions 0.90 0.68–1.19 0.4481
Type of SRS
 LINAC vs. GK 4.40 1.43–13.59 0.0104

Prescription dose 0.77 0.61–0.98 0.0312
Diameter (cm) 1.66 0.89–3.09 0.1092



486	 Journal of Neuro-Oncology (2022) 158:481–488

1 3

Table 4   Distant in-brain failure univariate and multivariate analysis

*p < 0.10

Univariate analysis

n Hazard ratio 95% Confidence interval p-value

SRS within 30 days of ICI
 Concurrent vs. non-concurrent or no ICI 455 0.21 0.07–0.62 0.0051*

SRS within 60 days of ICI
 Concurrent vs. non-concurrent or no ICI 455 0.74 0.32–1.70 0.4775

SRS within 90 days of ICI
 Concurrent vs. non-concurrent or no ICI 455 1.37 0.59–3.18 0.4564

Primary tumor histology
 NSCLC vs. melanoma 455 1.49 0.46–4.79 0.5050

Location
 Cerebellum vs. other location 455 0.96 0.63–1.47 0.8620

Prior treatment to lesion
 WBRT vs. none 455 3.20 1.59–6.43  < 0.0001*
 Surgery vs. none 0.29 0.11–0.75
 Surgery, WBRT vs. none 8.08 2.96–22.07

Time between WBRT and SRS 43 1.02 0.99–1.05 0.1332
Number of lesions 432 1.12 1.01–1.23 0.0284*
Type of SRS
 LINAC vs. GK 455 1.44 0.77–2.70 0.2491

Prescription dose 455 1.01 0.94–1.09 0.7216
Diameter 428 1.05 0.81–1.34 0.7235
Presence of extracranial metastases
 Yes vs. No 455 4.93 2.83–8.56  < 0.0001*

Multivariate analysis

Overall model p-value < 0.0001 (n = 432)

Hazard ratio 95% Confidence interval p-value

SRS within 30 days of ICI
 Concurrent vs. non-concurrent or no ICI 0.15 0.05–0.47 0.0011

Prior treatment to lesion
 WBRT vs. none 1.72 0.75–3.92 0.0046
 Surgery vs. none 0.64 0.21–1.91
 Surgery, WBRT vs. none 6.81 2.37–19.54

Number of lesions 1.28 1.13–1.45 0.0002
Presence of extracranial metastases
 Yes vs. no 11.33 4.90–26.21  < 0.0001
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